INTRODUCTION
============

International and domestic health inequalities have emerged as important research topics^[@r01]^ and represent a global public health issue.^[@r01]--[@r03]^ Dental caries was the most common disease in the Global Burden of Disease 2010 Study,^[@r04]^ and its global inequalities are remarkable.^[@r05]--[@r09]^ Even in developed countries, there are significant variations in dental health inequality by area.^[@r10],[@r11]^ Owing to high dental disease prevalence, the total cost of medical care for dental diseases is the highest across all diseases in Japan, exceeding 26 billion United States dollars (1 US dollar ≈ 100 Japanese yen) in 2011.^[@r12]^ Thus, despite the recent decline in dental caries, the health burden of dental caries on individuals and societies remains high.

Health intervention dissemination is often affected by socioeconomic circumstances.^[@r13]^ Therefore, some interventions do not necessarily reduce health inequalities even if their health efficacy is established by randomized controlled trials. In fact, interventions that depend on individual motivation often increase health inequalities.^[@r13],[@r14]^ In contrast, interventions aimed at changing social environment are beneficial regardless of individual socioeconomic circumstances and can reduce health inequalities. They are sometimes more beneficial for people with poor socioeconomic circumstances.^[@r03],[@r15],[@r16]^ Such interventions are known as population strategies.^[@r17]^ Water fluoridation is an example of a population strategy^[@r16],[@r17]^ that reduces dental health inequalities.^[@r15],[@r18]^ Unfortunately, water fluoridation has not been established in Japan except on United States Army bases, even though it is recommended by Japanese Society for Oral Health^[@r19]^ and Ministry of Health, Labour and Welfare stated for technical support to fluoridation.^[@r20]^ Japanese government and advocate activities are conducted in several municipalities.

Some schools in Japan have adopted another population strategy for dental caries prevention, namely a school-based fluoride mouth-rinse (S-FMR) programs. S-FMR offers the possibility of decreasing dental caries inequalities among schoolchildren.^[@r21]^ The Japanese government has published guidelines for fluoride (FMR) mouth-rinse.^[@r22]^ However, the proportion of schoolchildren receiving S-FMR differs among prefectures^[@r23]^ because some prefectures have not included S-FMR as part of the local public health policy, and the final decision to introduce S-FMR is made by each school's administrators. S-FMR works as a "geographical targeting population approach," a population approach for specific areas.^[@r24],[@r25]^ Thus, it might partially contribute to children's dental health improvement and decrease inequalities between prefectures in Japan.

S-FMR changes dental caries prevention strategies at the school level. It improves schoolchildren's dental health regardless of their socioeconomic status, and is more effective for schoolchildren with poor dental status.^[@r21],[@r26]^ In contrast, using fluoride toothpaste at home depends on individual household efforts and may thus be affected by social determinants.^[@r27]^ A recent Cochrane systematic review showed that simultaneously receiving FMR and using fluoride toothpaste is more effective than the use of fluoride toothpaste alone, but not to a significant degree.^[@r28]^ However, another review showed that the use of a topical fluoride application, including mouth-rinse, significantly reduced dental caries.^[@r29]^ Thus, the effectiveness of S-FMR is questionable in countries like Japan, where fluoride toothpaste is widely used.

Here, we examined the effectiveness S-FMR on children's dental caries experience and inequalities at the population level between prefectures in Japan, accounting for prefectural differences in socioeconomic circumstances, fluoride toothpaste utilization, and the recent decline in dental caries.

METHODS
=======

Study design
------------

To examine S-FMR effectiveness in decreasing children's dental caries experience at a population level and dental caries inequalities between prefectures, we chose an ecological study design using each prefecture as one unit. Ecological studies are frequently used to investigate the spatial patterns of diseases and interventions.^[@r30]^ Ecological study is appropriate when the prevention or intervention implications are at a population level.^[@r31]^ This study design is sometimes criticized for weak causal inference, since associations observed on a population level are not necessarily applicable on an individual level. However, this "ecological fallacy" can be avoided when causation has been shown in previous studies.^[@r32]^ Causal relationships between the use of fluoride mouth-rinse and caries prevention have been established in randomized controlled trials.^[@r29]^ Thus, we believe that the ecological study design has greater benefits than disadvantages for our research.

In addition, to consider recent declines in dental caries and high utilization of fluoride toothpaste in Japan, we used data from multi-year birth cohorts, aggregated data to the prefecture level, and employed multilevel analysis. We obtained the prefecture-level aggregated variables of all 47 prefectures in Japan relating to children born between 1994 and 2000 from open data from previous surveys conducted when the children were aged 3, 7, and 12 years. The variables were grouped according to the age of each birth cohort ([eFigure 1](#sm01){ref-type="supplementary-material"} and [eTable 1](#sm02){ref-type="supplementary-material"}). Thus, the data set included the data of 329 units (seven birth cohorts in 47 prefectures).

Dental caries status at ages 3 and 12 years
-------------------------------------------

Our outcome variable was the mean number of dental caries experienced by 12-year-old children, indicated by decayed, missing, or filled permanent teeth (DMFT), because it reflects the population benefit of S-FMR. These data were obtained from records of school dental health checkups, which are required by law, conducted between 2006 and 2012.^[@r33]^ To consider dental caries experience before receiving S-FMR, mean numbers of decayed, missing, or filled primary teeth (dmft) of 3-year-old children were obtained from dental health checkups at local health centers, which are also required by law, conducted between 1997 and 2003.^[@r34]^ Dental caries experience of primary teeth could represent dental caries risk for permanent teeth in each prefecture because past caries experience is the best predictor of future dental caries onset in children.^[@r35]^

S-FMR utilization
-----------------

The S-FMR variable was the proportion of children in the prefecture who received S-FMR, obtained from the National Survey on School-based Fluoride Mouth-rinse Programs in Japan.^[@r36]^ Children aged 6--7 years are in the first grade of elementary school in Japan. Longer periods of S-FMR exposure are more beneficial to prevent dental caries.^[@r21]^ Because the proportion of S-FMR varied annually, we used the data between 2001 and 2007 for each birth cohort, which indicated the S-FMR proportion in each prefecture when children were aged 7 years. This survey was conducted biennially. Mean values of the results of 1 year prior or later were used for the years in which the survey was not conducted.

Other variables
---------------

To consider other factors that possibly contribute to dental caries and caries-related inequalities between prefectures, we obtained the following variables from surveys conducted when children were 7 years old (between 2001 and 2007): 1) average consumption of fluoride toothpaste per capita in each prefecture, calculated by multiplying domestic utilization of fluoride toothpaste^[@r37]^ and average number of times any toothpaste was bought per capita in a year^[@r38]^; 2) dentist density (per 100 000 people)^[@r39]^; 3) average sugar consumption per capita in each prefecture^[@r38]^; and 4) mean annual income of each prefecture.^[@r40]^ The survey of dentist density was conducted biennially. Mean values of the results of one year prior or later were used for the years the survey was not conducted. We could not consider water fluoridation because it was not conducted in Japan. Since only aggregated open data were used, ethical approval was not needed.

Analysis
--------

We applied multivariable multilevel linear regression models to examine S-FMR's contribution to decreasing dental caries experience and caries-related inequalities. For the current data set, every prefecture had seven birth cohorts. Therefore, the year was treated as level 1, nested within the prefecture as level 2. To determine the contribution of a 1% increment in the S-FMR coverage on dental caries and caries-related inequalities, S-FMR was treated as a continuous variable. Other variables except dentist density were also treated as continuous variables. Continuous variables were centered on the grand mean values. Dentist density was divided into quartile categories, as it was skewed.

We constructed five models, sequentially adding independent variables: a model to check whether there is a significant DMFT difference at 12 years old between prefectures with no explanation variable (model 1); a model to examine contributions of fluoride toothpaste dissemination, mean annual income, sugar consumption, and dentist density to the DMFT difference at 12 years old (model 2); a model to examine contribution of dental caries experience at 3 years old (model 3); a model to examine the contribution of S-FMR (model 4); and a model to examine whether S-FMR contributes to decreasing DMFT inequalities at 12 years old between prefectures, adding interaction terms of dental caries experience at 3 years old and S-FMR utilization (model 5). If model 5 shows that S-FMR is more effective in lowering DMFT for 12-year-olds in the prefectures with high dental caries experience at age 3, it indicates that S-FMR contributes to improving dental caries inequalities between prefectures. In addition, to estimate the modified S-FMR effects by dental caries experience at age 3, we assumed three situations: dental caries experience at age 3 was low (mean −1 standard deviation \[SD\]); middle (mean); or high (mean +1 SD).^[@r41]^ Then, the associations between S-FMR and DMFT at age 12 years in each situation were estimated. Model fitting was evaluated by Akaike's information criterion (AIC) and the likelihood ratio test.

We also conducted sensitivity analysis because the S-FMR distribution was skewed. In the sensitivity analysis, we divided the S-FMR variable into deciles and treated it as a categorical variable. To evaluate the dose-response relationship of S-FMR on DMFT at age 12 years, *P*-values for trends were calculated. Interaction terms were not examined in the sensitivity analysis.

All analyses were conducted using the Stata 13.1 software package (Stata Corp LP, College Station, TX, USA).

RESULTS
=======

Table [1](#tbl01){ref-type="table"} shows descriptive statistics for the pooled data from seven birth cohorts in all 47 prefectures. Mean (SD) DMFT for 12-year-olds was 1.53 (0.48) and mean (SD) S-FMR utilization was 4.77 (7.49). S-FMR utilization was not significantly associated with dmft for 3-year-olds ([eTable 2](#sm03){ref-type="supplementary-material"}).

###### Descriptive statistics of the number of decayed, missing, and filled permanent teeth for 12-year-olds and S-FMR utilization from seven birth cohorts in 47 prefectures (number of prefecture data = 329)

                                       mean (SD)       minimum   maximum   percentile           
  ------------------------------------ --------------- --------- --------- ------------ ------- -------
  DMFT for 12-year-olds                1.53 (0.48)     0.60      3.50      1.20         1.50    1.80
  Fluoride toothpaste consumption^a^   1.37 (0.15)     0.96      1.73      1.26         1.38    1.48
  Income, 10 000 USD^b^                2.74 (0.41)     1.99      4.82      2.45         2.71    2.95
  Sugar consumption, kg^c^             26.91 (5.97)    14.73     58.17     22.29        26.01   30.49
  Dentist density^d^                   66.69 (14.20)   45.23     126.89    57.25        63.46   72.11
  dmft at 3 years old^e^               1.82 (0.57)     0.78      3.62      1.37         1.73    2.20
  S-FMR utilization, %^f^              4.77 (7.49)     0.00      50.45     0.70         1.75    6.15

DMFT, total number of decayed, missing, or filled permanent teeth; dmft, total number of decayed, missing, or filled primary teeth; SD, standard deviation; S-FMR, school-based fluoride mouth-rinse program.

^a^Average number of times buying fluoride toothpaste per year in each prefecture.

^b^Average annual income in each prefecture (1 USD = 100 JPY).

^c^Average sugar consumption per capita in each prefecture.

^d^Number of dentists per 100 000 residents in each prefecture.

^e^Average number of dmft per capita at age 3.

^f^Proportion of children who receive S-FMR in each prefecture.

Table [2](#tbl02){ref-type="table"} shows the results of multivariable multilevel linear regression analyses. There were significant prefecture- and year-level differences in DMFT for 12-year-olds: 70.4% of the variation occurred between prefectures and 29.6% of the variation occurred between years (model 1). Higher utilization of fluoride toothpaste, higher income, and higher dentist density were significantly associated with lower DMFT (model 2). Dental caries experience at 3 years old seemed to mediate the influence of these associations (model 3). However, even after considering these variables, prefecture-level differences remained significant (models 2 and 3). An increase of 1% in S-FMR utilization was significantly associated with 0.011 lower DMFT in 12-year-olds, even after considering other variables (model 4: coefficient −0.011; 95% confidence interval \[CI\], −0.018 to −0.005). In addition to the dental caries prevention effect, S-FMR seemed to reduce dental caries inequalities. S-FMR largely reduced the prefecture-level variance compared to other variables: 25.2% of the variance was explained by S-FMR in model 4, whereas 21.3% was explained by other variables in model 2. There was significant interaction between dental caries experience at age 3 and S-FMR utilization. S-FMR was more effective among the prefectures with high dental caries experience at age 3 (model 5: coefficient −0.015; 95% CI, −0.023 to −0.007). When dental caries experience at age 3 in the prefecture was low, middle, and high, an increase of 1% in S-FMR utilization was associated with 0.006, 0.015, and 0.024 lower DMFT, respectively, at age 12 years (Figure [1](#fig01){ref-type="fig"}). Model fits were significantly improved when variables were added (Table [2](#tbl02){ref-type="table"}).

![Effect modification of S-FMR by dental caries status at 3 years old CI, confidence interval; DMFT, total number of decayed, missing, or filled permanent teeth; dmft, total number of decayed, missing, or filled primary teeth; SD, standard deviation; S-FMR, school-based fluoride mouth-rinse programs. ^a^Proportion of children who receive S-FMR in each prefecture](je-26-563-g001){#fig01}

###### Association between school-based fluoride mouth-rinse program and the number of decayed, missing, and filled permanent teeth for 12-year-olds at the prefectural level: a 7-year birth cohort multilevel analysis

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                 model 1               model 2               model 3               model 4               model 5
  ---------------------------------------------- --------------------- --------------------- --------------------- --------------------- ---------------------
  Fixed part                                                                                                                              

   Intercept                                     1.526\                1.796\                1.652\                1.705\                1.636\
                                                 (1.407, 1.646)        (1.652, 1.940)        (1.527, 1.777)        (1.588, 1.822)        (1.527, 1.745)

   Fluoride toothpaste consumption^a^                                  −0.862\               −0.187\               −0.185\               −0.214\
                                                                       (−1.053, −0.670)      (−0.359, −0.016)      (−0.356, −0.015)      (−0.382, −0.046)

   Income, 10 000 USD^b^                                               −0.356\               −0.091\               −0.081\               −0.098\
                                                                       (−0.551, −0.160)      (−0.256, 0.074)       (−0.236, 0.075)       (−0.249, 0.053)

   Sugar consumption, kg^c^                                            0.005\                0.001\                0.001\                0.001\
                                                                       (−0.002, 0.012)       (−0.004, 0.006)       (−0.005, 0.006)       (−0.004, 0.007)

   Dentist density^d^                                                                                                                     

    \<57.21                                                            reference             reference             reference             reference

    57.21--63.46                                                       −0.252\               −0.123\               −0.130\               −0.122\
                                                                       (−0.362, −0.141)      (−0.210, −0.035)      (−0.217, −0.044)      (−0.206, −0.037)

    63.47--72.16                                                       −0.379\               −0.198\               −0.182\               −0.162\
                                                                       (−0.526, −0.233)      (−0.316, −0.080)      (−0.297, −0.067)      (−0.275, −0.049)

    \>72.17                                                            −0.446\               −0.183\               −0.185\               −0.160\
                                                                       (−0.641, −0.251)      (−0.345, −0.021)      (−0.339, −0.030)      (−0.310, −0.010)

   dmft at 3 years old^e^                                                                    0.623\                0.569\                0.539\
                                                                                             (0.540, 0.705)        (0.484, 0.653)        (0.456, 0.623)

   S-FMR utilization, %^f^                                                                                         −0.011\               −0.015\
                                                                                                                   (−0.018, −0.005)      (−0.022, −0.009)

   dmft at 3 years old \# S-FMR utilization, %                                                                                           −0.015\
                                                                                                                                         (−0.023, −0.007)

  Random part                                                                                                                             

   Prefecture-level variance (SE)                0.164 (0.036)\*\*\*   0.129 (0.028)\*\*\*   0.107 (0.024)\*\*\*   0.080 (0.018)\*\*\*   0.071 (0.016)\*\*\*

   Year-level variance (SE)                      0.069 (0.006)\*\*\*   0.042 (0.004)\*\*\*   0.024 (0.002)\*\*\*   0.024 (0.002)\*\*\*   0.024 (0.002)\*\*\*

  AIC                                            195.720               55.980                −108.090              −116.680              −128.190

  *P*-value for likelihood ratio test^g^         ---                   \<0.001               \<0.001               0.001                 \<0.001
  ------------------------------------------------------------------------------------------------------------------------------------------------------------

\**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001.

AIC, Akaike's information criterion; CI, confidence interval; DMFT, total number of decayed, missing, or filled permanent teeth; dmft, total number of decayed, missing, or filled primary teeth; SE, standard error; S-FMR, school-based fluoride mouth-rinse programs.

Coefficient represents the degree of decline in DMFT for 12-year-olds by one percent increment of S-FMR.

^a^Average number of times buying fluoride toothpaste per year in each prefecture.

^b^Average annual income in each prefecture (1 USD = 100 JPY).

^c^Average sugar consumption per capita in each prefecture.

^d^Number of dentists per 100 000 residents in each prefecture.

^e^Average number of dmft per capita at age 3 years.

^f^Proportion of children who receive S-FMR in each prefecture.

^g^Compared to one-prior model.

Sensitivity analysis using S-FMR deciles showed that over the 40th percentile of S-FMR utilization showed significantly lower DMFT at age 12 years compared to that at under the 10th percentile of the S-FMR utilization group (Figure [2](#fig02){ref-type="fig"}). There was a dose-response relationship between S-FMR and DMFT for 12-year-olds (*P* \< 0.001 for trend).

![Decline of the number of decayed, missing, and filled permanent teeth for 12-year-olds by decile categories of S-FMR. Vertical bars indicate 95% confidence intervals. DMFT, total number of decayed, missing, or filled permanent teeth; S-FMR, school-based fluoride mouth-rinse program.](je-26-563-g002){#fig02}

DISCUSSION
==========

This study showed that each 1% increase in S-FMR utilization was significantly associated with 0.011 lower DMFT for 12-year-olds. In Japan, there were 1 314 403 children aged 12 years in 2000.^[@r42]^ Their estimated total number of DMFT was 1 616 716 because average DMFT for 12-year-olds was 1.23 in 2000. Therefore, a 1% increment of S-FMR utilization corresponds to 13 144 children aged 12 years who received S-FMR when they were 6 years old; from the coefficients of S-FMR in model 4 (−0.011), the calculated number of DMFT decline was 14 458 (0.89% of the total number of DMFT for 12-year-olds in 2000) in this hypothetical situation. Thus, S-FMR would have large benefits for population dental health. However, this estimated reduction in the number of caries needs careful interpretation because this is an ecological study and the effect of S-FMR differs by children's risk factors and other characteristics, such as caries risk and fluoride utilization. S-FMR contributed to prefecture-level DMFT variance even in the present situation where fluoride toothpaste is widely used. This result was robust in our sensitivity analyses. The association between S-FMR and DMFT for 12-year-olds was modified by dental caries experience at age 3 years (dmft at 3 years old) in the prefectures. S-FMR had more beneficial associations with DMFT for 12-year-olds when mean numbers of dental caries experienced at age 3 years in the prefecture were high. Thus, S-FMR seemed to decrease inequalities in dental caries between prefectures.

Our study examined the effect of FMR under actual social conditions, rather than in an experimental or randomized interventional context. Randomization has many advantages for estimating intervention effects.^[@r43]^ However, the external validity of randomized trials may be limited in real-world settings. Participants who are included and followed in randomized intervention studies might differ from the general population.^[@r32],[@r43],[@r44]^ Additionally, according to the "inverse care law" concept first discussed by Hart JT in 1971, interventions that depend on individual behavior are more effective among low-risk than high-risk populations.^[@r13],[@r14],[@r45]^ Although randomized controlled trials showed little additional effects of fluoride mouth-rinse beyond fluoride toothpaste alone on dental caries prevention,^[@r29]^ our study showed a beneficial effect of S-FMR in a society where fluoride toothpaste is widely used. One possible reason for this finding is that the utilization of fluoride toothpaste among children is affected by their socioeconomic status.^[@r46]^ Utilization of fluoride toothpaste is likely low in children of low socioeconomic status.^[@r27]^ Unfortunately, such children tend to be at high risk for dental caries.^[@r18]^ In contrast, S-FMR is an intervention that changes school environment as a means of improving schoolchildren's dental health. Therefore, its advantages are easily conferred to children of low socioeconomic status. This may partly account for the results of our study.

Health interventions can be divided into two types: upstream interventions and downstream interventions.^[@r13],[@r47]^ Upstream interventions (eg, water fluoridation and S-FMR) change health determinants at the social, political, and life circumstance levels and decrease health inequalities.^[@r03],[@r18],[@r25],[@r48],[@r49]^ Downstream interventions (eg, health education to change health behavior) alter health determinants at the individual level and increase health inequalities because such interventions are often more effective for low-risk than high-risk individuals.^[@r13],[@r43]^ The use of fluoride toothpaste at home is a downstream intervention, as it depends on individual health behavior and socioeconomic status. In some countries, toothpaste is considered cosmetic, and many families are unable to obtain it because of its high cost.^[@r03]^ In addition, an intervention that provided free fluoride toothpaste for children in England did not decrease dental caries inequalities related to deprivation.^[@r27]^ On the other hand, some upstream interventions have been shown to reduce dental health inequalities. Several reviews have indicated that caries inequalities across social classes have decreased in countries where water fluoridation has been implemented.^[@r18],[@r48],[@r50]^ Although water fluoridation is one of the most cost-effective public health strategies,^[@r03],[@r15]^ it is unfortunately not conducted in Japan. Results of the present study showed geographical and socioeconomic inequalities in dental caries. Therefore, upstream interventions are also needed in Japan. S-FMR, an intervention that changes school environments to improve schoolchildren's health, is a relatively upstream public health intervention conducted in Japan.

This study suggests that S-FMR as a population strategy could be effective for reducing dental caries and caries-related geographical inequalities, even in areas/countries where fluoride toothpaste is widely used and dental caries prevalence has been declining. Theoretically, it is possible that S-FMR is not randomly distributed because prefectures or schools with high dmft for 3-year-olds might be more likely to implement S-FMR. In such situations, S-FMR would work as a geographical targeting approach and contribute to reducing inequality in dental caries among prefectures. In this study, S-FMR was not significantly associated with dmft for 3-year-olds; prefectures with higher caries levels did not tend to conduct S-FMR. However, S-FMR reduced inequalities in DMFT for 12-year-olds; thus, it worked as a geographical targeting approach. The possible reason for reduction of inequalities by S-FMR is that children in prefectures with lower caries prevalence already tended to use fluoride; therefore, the effects of S-FMR on caries rates and inequalities are attenuated.^[@r28]^ In contrast, usage of fluoride in prefectures with higher prevalence of caries is not prevalent; therefore, additional effects of S-FMR are greater and inequalities are reduced. Figure [1](#fig01){ref-type="fig"} supports this hypothesis of the different effectiveness of S-FMR by prefecture caries level. School-based programs have a potential benefit for dental public health because of their wide population reach.^[@r21]^ Therefore, more widespread S-FMR implementation is recommended. The importance of "proportionate universalism" was proposed to reduce health inequalities. Proportionate universalism refers to interventions that improve the health of high risk groups more than that of low risk groups.^[@r51]^ S-FMR seems to work via proportionate universalism to reduce health inequalities.

The strength of this study was that we investigated the impact of S-FMR on population dental health and caries-related geographical inequalities using multilevel analyses of longitudinal data. We also considered other possible factors that could explain the geographical inequalities in dental caries. The present approach enabled us to examine the impact of S-FMR under actual social conditions. On the other hand, this study has several limitations. First, this was a prefecture-based ecological study. In general, ecological study designs do not allow causal inferences because an association observed between variables on an aggregated level does not necessarily represent the association at an individual level (the "ecological fallacy").^[@r31]^ However, we intended to investigate the population effect of S-FMR on dental health and its contribution to inequalities in dental caries between prefectures. Ecological studies are appropriate for implications of prevention or intervention implications at a population level.^[@r31]^ In fact, ecological studies are frequently used in geographical epidemiology.^[@r30]^ Additionally, the ecological fallacy can be avoided when individual-level causation has been shown in previous studies.^[@r32]^ Thus, ecological fallacy was less of a concern in the present study because the effect of fluoride on dental caries prevention has been demonstrated in many previous studies.^[@r50],[@r52]^ Second, some schoolchildren might have received fissure sealant on their permanent teeth, but we did not have information on fissure sealant. However, we believe that this bias did not seriously affect the result because no fissure sealant programs were conducted at the prefecture level. Basically, Japanese children who receive fissure sealant in dental clinics do so under on individual basis, not at school. A significant association between S-FMR and fissure sealant coverage is therefore unlikely. Thus, it is improbable that the absence of data on fissure sealant resulted in overestimation of the effect of S-FMR in this study. Third, the S-FMR data in the present study included FMR utilization in preschool, kindergarten, elementary school, junior high school, and schools for special-needs education. In Japan, children in junior high school and some children in schools for special-needs education are 13 years or older. This could cause some bias because S-FMR for them would not have had causal effects on the outcome of the present study (ie, DMFT among 12-year-olds). However, S-FMR utilization excluding that in junior high schools and schools for special-needs education in each prefecture, which was available only for 2010,^[@r23]^ and S-FMR utilization in the prefecture were highly correlated (*r* = 0.99, *P* \< 0.001). Therefore, the results of this study were reliable. Fourth, we obtained information on dental caries from mandatory dental health check-up surveys, in which many dentists in Japan examine children's dental status. Inter-validity between the dentists in this survey has not been evaluated, and might have produced a degree of bias. However, the dentists employed universal caries diagnosis criteria. Nonetheless, some dentists may underestimate children's dental caries, whereas others may overestimate it. Such "non-differential misclassification" bias would lead to underestimation of the results. We observed significant associations even with this potential bias, and therefore consider that this bias did not seriously affect our results. Finally, we followed birth cohorts at the prefecture level. Some individuals might have moved to other prefectures during the follow-up, which might have caused some bias. However, this bias would also be "non-differential misclassification" because moving to other prefectures would not be associated with S-FMR utilization or dental caries. Therefore, we believe the associations we observed in the present study are robust.

In conclusion, this study showed that S-FMR was associated with low dental caries experience and decreasing caries-related inequalities between prefectures, even in a country where fluoride toothpaste is widely used and dental caries prevalence has been decreasing.

ONLINE ONLY MATERIALS
=====================

###### Timeline of surveys from which variables were obtained.

###### Birth year and linked survey year. We merged surveys for each birth cohort by age (eg, the survey on dental caries status at 3 years old in 1997; the 2001 surveys on S-FMR utilization, annual income in prefectures, dentist density, fluoride toothpaste consumption, and sugar consumption; and the survey on DMFT for 12-year-olds in 2006, were merged o the birth cohort born in 1994). Each prefecture had 7 years of data (children born between 1994 and 2000).

###### Associations between the number of decayed, missing, and filled primary teeth at 3 years old and each explanatory variable, stratified by birth year.
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